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Abstract: The proposed Penrith Lakes Scheme which is located in western Sydney comprises a 
series of 12 lakes and parklands, covering an area approximately 2,000 hectares. The development is 
located beside the Nepean River, and flooding, flood impacts and emergency response planning are 
key issues for the development. It is proposed to control the flow of floodwaters through the lakes 
using various weirs. One of the proposed weirs in the northern portion of the Lakes Scheme (the 
Wildlife Lake Weir) controls both the inflow of water into the Wildlife Lake and also the outflow of water 
from the Lakes Scheme in large flood events.  As a result, it has the unusual feature of flowing in two 
directions. As part of the detailed design of this weir, detailed analyses were undertaken of a number 
of options before the final weir configuration was adopted.  Once the flood has receded the Wildlife 
Lake Flood Outlet Pipe will drain floodwaters trapped in the lake back into the Nepean River. Detailed 
analyses were undertaken of options to address a number of considerations before the final outlet 
pipe configuration was adopted. This paper overviews the hydraulic analysis and design of the weir, 
spillways and outlet pipe.  The construction of the Wildlife Lake Weir and Flood Outlet Pipe have been 
recently completed 
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1. INTRODUCTION 
Penrith Lakes has been a major source of fine, to coarse grained sand and gravel for the Sydney 
construction industry since the 1950's.  The idea to turn Penrith's sand and gravel quarries into lakes 
at the end of their life was first proposed in 1968, and in 1986 the NSW Government unveiled the 
visionary scheme, which would see a new aquatic playground developed at Penrith for the people of 
Western Sydney. 
 
The vision for the Penrith Lakes Scheme is currently being implemented. It includes a series of 12 
lakes and wetlands (covering around 840 ha) and parklands (covering around 810 ha). The 
development is located beside the Nepean River, and flooding, flood impacts and emergency 
response planning are key issues for the development.   
 
Extensive 2D modelling was undertaken to optimise and refine the overall design of the Lakes 
Scheme, including the Wildlife Lake Weir.  This provided significant advantages over the previous 
physical model, with greater number of scenarios and refinements possible.  This provided a reference 
point, particularly for the hydraulics, in the conceptual design of the Wildlife Lake Weir (as well as 
other infrastructure in the Lakes Scheme) (refer Thomson et al, 2011, Cardno (NSW/ACT), 2012). 
It is proposed to control the flow of floodwaters through the lakes using various weirs and flood cells 
including (refer Figure 1): 
 
 Weir 6 (previously approved) 
 Wildlife Lake Weir (approved in July 2012) 
 Wildlife Lake Flood Outlet Pipe (approved in July 2012) 
 
  
 
 
and infrastructure including: 
 
 Weir 3  Weir 4 
 Main Lake Flood Outlet Pipe  Weir 6 Flood Cells 
 Riverbank flood cells  Eastern Lakes Flowpath 
 Regatta Flowpath  Riverbank Flood Cell 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 1: Concept Layout of 2012 Penrith Lakes Scheme 
2. WILDLIFE LAKE WEIR 
The Wildlife Lake Weir is a key weir in the Scheme which controls both the inflow of water from the 
Nepean River into the Wildlife Lake and also the outflow of water from the Lakes Scheme in large 
  
 
 
flood events (Cardno (NSW/ACT), 2012, Thomson et al, 2013).  As a result, it has the challenging 
feature of flowing in two directions.   
 
The weir prevents floodwaters from entering into the Wildlife Lake in events of 10 year ARI or less.  
This will protect the ecosystem within the Wildlife Lake by preventing the ingress of Nepean River 
water which may contain weed species and undesirable fish species.  It also prevents active flows 
through the property to the north in events less than a 10 year ARI. 
 
The key features of the weir are:  
 
 A central weir crest at 16m AHD (Stage 1).  While concept design opted for a roller compacted 
concrete structure, with suitable dissipation at both the southern and northern sides of the weir 
in the final design cast-in-situ concrete with an anchored spillway apron was adopted; and 
 
 Two earthen embankments to act as a high level spillway either side of the crest at a level of 
18.5m AHD (Stage 2).  These would tie in with existing topography at both the western and 
eastern ends (the western embankment = 85m length, eastern embankment = 65m length).  
Both these embankments are protected against scour under overtopping conditions. 
 
Key challenges in the project included the variable lake levels and progressive filling of the lake when 
the weir is in operation, the surrounding terrain and the minimisation of the use of concrete in the weir 
design. 
 
The tailwater conditions in the Wildlife Lake depend on both the starting water level in the Lake as well 
as the rate of filling by flows across the Wildlife Lake Weir.  When flow into the lakes commences, the 
Wildlife Lake is at its operating level of 10mAHD.  At the time the flow over the weir reverses when 
flood levels rise to around 19 m AHD the tailwater level on the northern side of the weir depends on 
flood levels in the Nepean River. 
 
As part of the detailed design of this weir, detailed analyses were undertaken of a number of options 
before the final weir configuration was adopted.  Various considerations included: 
 
 A design flow of around 1,000 m3/s; 
 Construction materials including roller compacted concrete and conventional concrete; 
 The design of a 3 metre high vertical concrete wall, from 13m AHD on the southern side up to 
the 16m AHD crest to limit the overall horizontal extent of the weir instead of a broad-crested 
spillway; 
 Consideration of flow issues associated with vertical weirs including nappe vibration and 
surging flows and how best to mitigate the issues; 
 Consideration of a range of approaches to dissipate energy on the southern apron of the weir 
including a stepped apron or a chute which led to the adoption of a USBR Type V energy 
dissipator comprising a sloped apron with a small sill located at the end; 
 The trade-offs between apron slope and length and the length of the hydraulic jump which 
forms at the point that flows down the apron enter the rising lake causing the hydraulic jump to 
migrate up the length of the southern apron until it is drowned by the reversal of flows across 
the weir; 
 Consideration of a range of approaches to dissipate energy on the northern apron of the weir 
which led to the adoption of a USBR Type Basin II energy dissipator; and 
 The required size of rip rap to protect the southern and northern faces of the spillways. 
 
The results of the 2D modelling provided a useful tool to optimise the key dimensions of the weir, such 
as widths and crest levels.  However, while many 2D models are able to re-create supercritical and 
sub-critical flow, they are not able to reproduce the complex hydraulics of a hydraulic jump at the micro 
scale.  Therefore, empirical methods were adopted to determine the behaviour of the hydraulic jump 
and to assess different energy dissipation options and protection requirements for the Wildlife Lake 
Weir.   
Figure 2 shows the Wildlife Life Lake and Hunts Gully stage hydrographs. It shows levels in Hunts 
Gully rising as the Nepean River rises, overtopping Stage 1 at 16mAHD and beginning to fill the lake. 
At the Stage 2 level, 18.5mAHD, the levels in Hunts Gully and the Wildlife Lake are generally equal. 
Shortly after this point, the upstream Weir 6 overtops from Main Lake B, and the level in the Wildlife 
  
 
 
Lake rises above that in Hunts Gully and the flow over the Wildlife Weir reverses. The peak head 
difference of the reverse flow occurs just before the flow over the Wildlife Life Weir stops, when the 
level in the lake reaches the height of the Stage 1 crest, 16mAHD.  
 
 
Figure 2  Wildlife Lake Stage Hydrographs 
2.1 Weir Type 
A number of alternative weir types were considered for the Stage 1 part of the weir: 
 
 Roller Compacted Concrete – For this particular project there were disadvantages due to the 
relatively small scale of this project.  This is primarily impacted by the higher setup costs and 
processing required for RCC; 
 Gabions – a stepped gabion weir was considered.  The velocity of the flows was however too 
high for a gabion weir.  Other alternatives, such as capping of the gabion steps, was also 
considered and the costs compared with other alternatives; 
 Conventional Concrete – the conventional concrete option utilised a combination of concrete 
slab with passive earth anchors to prevent uplift forces. 
 
The conventional concrete option was selected as it resulted in the lowest costs and was also 
favoured by the level of contractor likely to be utilised. 
 
For the Stage 2 part of the weir, an earthen embankment was adopted given the relatively low 
velocities.  This was protected with a combination of reinforced grass and grass.  The back slopes on 
the earthen weir were adopted at a 1 in 6 grade. 
2.2 Stage 1 Weir Crest 
A vertical wall was adopted for the Stage 1 weir crest.  This was 3 metres high on the southern side 
and 2 metres high on the northern side.  The key advantage of this approach was to limit the overall 
horizontal extent of the weir.  The immediate vertical step in the weir removed at least 1000m2 of 
additional concrete. 
 
  
 
 
This vertical drop represents only half of the vertical elevation difference between the crest of the weir 
and the starting water level in the Wildlife Lake.  Additional protection was therefore required and this 
is described in Section 2.3. 
 
This vertical drop does have some consequences for the design in terms of the behaviour of the 
nappe.  These include: 
 
 Nappe Vibration - Nappe vibration occurs when a weir is operating under relatively low heads.  
It can create noise and pressure fluctuations.  For example, this occurred on the Avon Dam 
Labyrinth spillway when it was constructed and it caused windows to rattle on nearby 
properties (Falvey, 2003).  A number of options were considered, based on experiences in 
similar spillways.  For this situation, a roughened crest was adopted, similar to the solution 
adopted for Avon Dam.  Even though this is not necessarily a structural issue and that the weir 
only overtops infrequently, it was still incorporated into the design as it was a relatively simple 
solution (refer Plates 1 & 2). 
 
 Surging Flows - Surging flows occur at higher flow regimes than nappe vibration, and result in 
pressure fluctuations on the weir wall.  To overcome this, air should be introduced to the 
underside of the nappe to reduce the potential for negative pressures.  To achieve this, flow 
splitters were introduced along the weir crest to allow air into the underside of the nappe (refer 
Plates 1 & 2). 
 
         
Plates 1 & 2. Constructed Weir Crest showing roughened crest & flow splitters 
2.3 Stilling Basin – Southern Side 
A stilling basin is required on the southern area, extending from the bottom of the vertical wall to a 
sufficient elevation so that scouring does not occur due to the hydraulic jump.  The unusual feature of 
this weir is the changing tailwater conditions as the Wildlife Lake fills.  This means that the ‘worst case’ 
scenario may not be at the peak flow, and in fact will be at some combination of tailwater and weir 
flow. 
 
Given the challenges with a variable tailwater condition, Basin V of USBR (1984) was adopted.  This 
type of basin is effectively a sloped apron, with a small sill located at the end.  It has the advantage in 
this particular application in that it accommodates the lower tailwater more effectively.  Other types of 
stilling basins typically rely on a constant tailwater for the formation of the hydraulic jump. 
 
The other alternative that was considered was a stepped spillway.  The advantage of a stepped 
spillway is that it assists in energy dissipation as the water flows over the steps.  However, with the 
use of conventional concrete, the formation of the steps would have resulted in additional cost. 
 
One of the challenges in the use of conventional concrete is the uplift forces from the action of the 
hydraulic jump as it moves up the face of the spilling basin.  To overcome these forces, ground 
  
 
 
anchors were incorporated into the design at 2.5 metre by 2.5 metre spacings, with a capacity of 
100kN.  This resulted in the need for ground anchors approximately 4 metres deep. 
 
 
Plate 3. Southern Spillway 
2.4 Stilling Basin – Northern Side 
The stilling basin on the northern side of the weir is required when the flow direction across the weir 
reverses.  At the peak of the flow, the Wildlife Lake level is not significantly above the Nepean River 
level, so that the gradient across this area is not significant and the stilling basin is not required.  
However, once the Nepean River level starts to drop, draining of the Wildlife Lake out through the 
Stage 1 part of the Weir requires a stilling basin. 
 
To the north of the weir, the local depression point through what is referred to as ‘Hunts Gully’ results 
in a hydraulic control and provides some control over the tailwater conditions.  Following a review of a 
number of alternative stilling basins, a relatively simple USBR (1984) Basin II stilling basin was 
adopted for the northern side of the weir.  
 
 
Plate 4. Northern Spillway 
3. WILDLIFE LAKE FLOOD OUTLET PIPE 
On the falling limb of a major flood, outflows from Wildlife Lake cease when the water levels recede to 
16 m AHD. The water level in the lake is 6 m higher than its normal operating level of 10 m AHD.  In 
order to return the lake to its normal operating level, it is proposed to install a 1350 mm diameter flood 
outlet pipe to drain trapped floodwaters back into the Nepean River (refer Figure 3).  This pipe also 
serves to drain any stormwater catchment flows that discharge to the lake.  
 
  
 
 
 
 
 
Figure 3  Plan View and Longitudinal Section of the Wildlife Lake Out Pipe 
 
A key issue is the dissipation of energy of the high velocity flows through the outlet pipe which are 
anticipated to occur for up to two weeks after the 100 yr ARI flood has receded.  Detailed analyses 
were undertaken of a number of options to address a number of considerations before the final outlet 
pipe configuration was adopted.  These considerations included: 
 
 The magnitude of outflows of up to 7 m/s and duration of outflows of up to 2 weeks after a 100 
yr ARI flood has receded and the need to mitigate the impacts of high energy outflows on the 
Nepean River.  3D modelling using Delft3D was undertaken within the river to model the likely 
velocity field and expected scour if no controls were in place; 
 Consideration of various approaches to energy dissipation at the pipe outlet including: scour 
protection systems (placed and/or articulated), a diffuser outlet or energy dissipators including 
USBT Type III and VI dissipators.  This led to the adoption of a USBR Type VI dissipator for 
the following reasons: 
 It has undergone previous physical model testing, and is reported in USBR (1984).  The 
proposed concept design fits within the tested flow ranges.  Therefore, no additional 
model testing is required. 
 The impact on the river is lower compared to the diffuser or rock armouring options, 
both of which would extend further into the river or along the bank; 
 The overall cost is lower or comparable with alternative outlet structures; 
 The box is located closer to the river bank, and can therefore greater protection can be 
provided against the flood flows through the river.  Flood flows in the river can reach in 
excess of 5 m/s in the central portion of the channel; and 
  
 
 
 Construction of the dissipator box can primarily be undertaken above the water line.  
This will be easier from a construction perspective and will also be easier to maintain. 
 Consideration of the need to prevent backflows from the Nepean River into the Wildlife Lake.  
This is to prevent the ingress of weed species into the lake in more frequent flood events.  A 
flood gate was incorporated into the design to prevent the backflow of water; 
 Siting of the outlet works to minimise any disturbance of flows in the Nepean River to reduce 
the likelihood of bank erosion in the vicinity of the outlet.  The location of the outlet was placed 
in an existing recessed portion of the riverbank, providing a level of protection for the outlet. 
 The potential for air entraining vortices to form above the inlet to the outlet pipe which could 
increase the likelihood of debris blockage by drawing floating debris into the inlet and/or pose 
a potential hazard to any person that enters the lake near the outlet during a flood eg. a 
maintenance worker attempting to remove debris from the inlet during or up to 7-10 days after 
a flood to restore its function. Special vanes were incorporated into the inlet design to prevent 
the formation of vortices. 
4. CONCLUSIONS 
Extensive 2D modelling was undertaken to optimise and refine the overall design of the Lakes 
Scheme, including the Wildlife Lake Weir.  This provided significant advantages over the previous 
physical model, with greater number of scenarios and refinements possible.  This provided a reference 
point, particularly for the hydraulics, in the conceptual design of the Wildlife Lake Weir (as well as 
other infrastructure in the Lakes Scheme). 
 
The Wildlife Lake Weir represents an unusual challenge with flow moving in two directions. This 
required the design of a stilling basin on both sides of the Weir.  The detailed design of the weir was 
undertaken using the results of the 2D modelling and empirical analysis.  A USBR Type V basin was 
adopted for the southern side, to accommodate the variable tailwater conditions, while a USBR Type II 
basin was adopted on the northern side, where the tailwater is controlled. 
 
The Wildlife Lake flood outlet pipe represented a key challenge in managing high velocity outflows into 
the Nepean River, which itself is subject to high velocity river flows.  A USBR Type VI dissipator was 
adopted at the outlet as the most optimal outcome.  Vanes were also introduced on the inlet to prevent 
the formation of vortices within the lake. 
 
The Wildlife Lake Weir and Flood Outlet Pipe have been recently completed, and represent the first 
stage of the hydraulic infrastructure that is required at the Penrith Lakes site.  It will allow for the 
formation of the Wildlife Lake, and subsequently the larger main lakes to the south, which will form a 
key recreational area for Western Sydney. 
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